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DEGRADABLE BREATHABLE MULTILAYER 
FILM WITH IMPROVED PROPERTIES AND 

METHOD OF MAKING SAME 

BACKGROUND 

Disposable absorbent products currently ?nd Wide-spread 
use in many applications. For example, disposable absorbent 
products are used in personal care products such as diapers, 
feminine napkins or tampons, Wipes, adult incontinence 
products, training pants and release liners. Disposable absor 
bent products are also used in surgical drapes and Wound 
dressings. A typical disposable absorbent product includes a 
composite structure having a liquid-permeable topsheet, a 
?uid acquisition layer, an absorbent structure, and a liquid 
imper'meable backsheet. This absorbent product can also 
include some type of fastening system for ?tting the product 
onto the Wearer. 

The backsheet or outer cover is designed to be imperme 
able to liquid in order to keep the bedding or clothing of the 
Wearer from becoming soiled. The topsheet or liner is 
designed to be highly permeable to liquid and to be non 
irritating to the skin. Sophisticated types of liners may incor 
porate lotions or medicaments to improve the environment 
near the skin or to actually improve skin health. The absorbent 
core is designed to absorb and store liquids and secondarily to 
distribute liquids and contain solids. The core can be made 
With pulp and/or superabsorbent materials. These materials 
absorb liquids quite quickly and e?iciently in order to mini 
miZe leakage. Disposable absorbent products are generally 
subjected to one or more liquid insults during use, such as of 
Water, urine, menses, or blood. The topsheet and backsheet 
materials of disposable absorbent articles are typically made 
of multilayer ?lms that exhibit su?icient strength and han 
dling capability, so that the product retains its integrity during 
use by the Wearer and does not alloW leakage of the liquid 
insulting the product. 

There are a number of characteristics and properties of 
conventional multilayer ?lms that could be improved, espe 
cially if the basic performance characteristics and mechanical 
properties canbe retained. Disposal of used absorbent articles 
is an important aspect, since solid Waste disposal is becoming 
an ever increasing concern. It is desirable to produce multi 
layer ?lms that may be e?iciently disposed of after use, such 
as by biodegradation, hydrolytic degradation or composting. 
Breathability of a multilayer ?lm in a diaper or adult incon 
tinence garment may provide signi?cant skin health bene?ts 
to the user Wearing the diaper. Therefore, it is desirable to 
produce multilayer ?lms that alloW moisture vapors to pass 
through the topsheet, leaving the user’s skin drier and less 
prone to diaper rash. Stretchability and recoverability of a 
multilayer ?lm may be desirable, so as to provide elastic 
multilayer ?lms With improved gasketing and ?t. Improve 
ment in the tactile properties of multilayer ?lms is another 
area of interest. For example, softness in the topsheet of a 
diaper or adult incontinence garment may provide increased 
comfort and feel to the user Wearing the diaper. Accordingly, 
it Would be bene?cial to prepare a multilayer ?lm for personal 
care products having improved properties With respect to 
degradability, breathability, stretchability and recoverability, 
and tactile feel. 

BRIEF SUMMARY 

One aspect of the multilayer ?lm includes a plastic layer 
having a co-polyester of terepthalic acid, adipic acid and 
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2 
butanediol, and an elastomeric layer having a polyurethane 
elastomer. The plastic layer and the elastomeric layer together 
form a bilayer laminate. 

Another aspect of the multilayer ?lm includes the method 
of making the multilayer ?lm. The ?rst stage includes extrud 
ing the plastic layer having a co-polyester of terepthalic acid, 
adipic acid and butanediol and extruding the elastomeric 
layer having a polyurethane elastomer. The second stage 
includes combining the plastic layer and the elastomer layer 
in a multilayer combining block to form a laminate. The third 
stage includes separating the laminate to form a pair of lami 
nate halves Where each half includes a portion of the plastic 
layer and a portion of the elastomeric layer. The fourth stage 
includes stretching the laminate halves to thin and Widen the 
laminate halves. The ?fth stage includes stacking the lami 
nate halves to reform another laminate having alternating 
plastic and elastomeric layers in parallel stacking arrange 
ment. The sixth stage includes repeating the separating, 
stretching and stacking stages to form a multilayer structure. 
The last stage includes alloWing the multilayer structure to 
solidify into a multilayer ?lm. 

A further aspect of the multilayer ?lm includes a plastic 
layer and an elastomeric layer forming a Well bonded bilayer 
laminate. The ?lm has an average surface roughness from 
about 500 to about 1,000 nanometers. 

Yet a further aspect of the multilayer ?lm includes the 
method of making the multilayer ?lm. The ?rst stage includes 
extruding the plastic layer and extruding the elastomeric 
layer. The second stage includes combining the plastic layer 
and the elastomer layer in a multilayer combining block to 
form a laminate. The third stage includes separating the lami 
nate to form a pair of laminate halves Where each half 
includes a portion of the plastic layer and a portion of the 
elastomeric layer. The fourth stage includes stretching the 
laminate halves to thin and Widen the laminate halves. The 
?fth stage includes stacking the laminate halves to reform 
another laminate having alternating plastic and elastomeric 
layers in parallel stacking arrangement. The sixth stage 
includes repeating the separating, stretching and stacking 
stages to form a multilayer structure. The seventh stage 
includes alloWing the multilayer structure to solidify into a 
solidi?ed ?lm. The last stage includes stretching the solidi?ed 
?lm to at least three times its original length to form a multi 
layer ?lm. The multilayer ?lm is a Well bonded laminate 
having an average surface roughness from about 500 to about 
1,000 nanometers. 
Yet a further aspect of the multilayer ?lm includes an 

absorbent disposable article containing a body of absorbent 
material and a multilayer ?lm attached to the body of the 
absorbent material. The absorbent disposable article may be a 
diaper, an adult incontinence product, a feminine care absor 
bent product, or a training pant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Many of the features and dimensions portrayed in the 
draWings, and in particular the presentation of layer thick 
nesses and the like, have been someWhat exaggerated for the 
sake of illustration and clarity. 

FIG. 1 depicts a plan vieW of a coextrusion system for 
making a multilayer ?lm. 

FIG. 2 depicts a schematic diagram illustrating a multiply 
ing die element and the multiplying process used in the coex 
trusion system illustrated in FIG. 1. 
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DETAILED DESCRIPTION 

A multilayer ?lm includes a plastic layer containing a 
co-polyester and an elastomeric layer containing a polyure 
thane elastomer. Multiple layers of each of the plastic layer 
and elastomeric layer may be con?gured in an alternating 
arrangement to form a laminate structure. The multilayer ?lm 
may be breathable, alloWing Water vapor to pass ef?ciently 
through the ?lm. Breathable ?lms containing a co-polyester 
and a polyurethane elastomer may provide for improved 
properties such as degradability, stretchability and recover 
ability, and tactile feel. 

The term “multilayer ?lm” means a ?lm having tWo or 
more layers that are separate and distinct from each other. In 
an example, a multilayer ?lm includes a ?lm having only one 
plastic layer and one elastomeric layer, con?gured as a bi 
layer laminate unit. In another example, a multilayer ?lm 
includes a ?lm having more than one bi-layer unit arranged in 
a series of parallel and repeating bi-layer laminate units, such 
that the ?lm alternates betWeen plastic layers and elastomeric 
layers. Multilayer ?lms enable combinations of tWo or more 
layers of normally incompatible polymers to be combined 
into a monolithic ?lm With a strong coupling betWeen the 
individual layers. The term “monolithic ?lm” means a ?lm 
that has multiple layers Which adhere to one another and 
function as a single unit. Desirably, the coupling betWeen the 
layers may be achieved Without using compatibiliZing agents, 
although compatibiliZing agents may be used to optimiZe the 
properties of the multilayer ?lms. 

The plastic layer can include a co-polyester that is melt 
extrudable, so that the co-polyester may be coextruded along 
With the elastomer to form a multilayer ?lm. The term “melt 
extrudable” means a material having a melt ?oW rate (MFR) 
value of not less than about 0.2 grams/ 10 minutes, based on 
ASTM D1238. Preferably, the MFR value of melt-extrudable 
co-polyester ranges from about 0.2 g/ 10 minutes to about 100 
g/10 minutes, more preferably from about 0.5 g/ 10 minutes to 
about 50 g/10 minutes, and still more preferably from about 5 
g/ 10 minutes to about 50 g/ 10 minutes to provide desired 
levels of process ability. In addition, it is desirable for the 
co-polyester to be stretchable in the solid state, Which means 
the polymer can be stretched at a temperature beloW its melt 
ing point. Stretchability in the solid state can alloW for easier 
processing of the multilayer ?lm. Stretching of the multilayer 
?lm can reduce ?lm thickness and may create porosity, 
thereby increasing the Water vapor transport rate of the ?lm 
and, hence, breathability. Stretchability of the co-polyester 
can be quanti?ed by the ratio of the true tensile fracture stress 
to the stress at yielding, Where the true tensile fracture stress 
is equal to the tensile force at failure divided by the cross 
sectional area of the failed specimen. This ratio may be from 
about 1 to about 150, preferably from about 1 to about 150, 
more particularly from about 5 to about 100, and even more 
preferably from about 10 to about 50. 

Examples of melt-extrudable co-polyesters include Eastar 
Bio® co-polyester available from Novamont (Italy), Ecof 
lex® co-polyester available from BASF Corporation (Mount 
Olive, N.J.), and EnPol® co-polyester available from Ire 
Chemical (Korea). A speci?c example of a melt-extrudable 
co-polyester is the aromatic-aliphatic co-polyester of 
terepthalic acid, adipic acid and butanediol. Other examples 
of melt-extrudable co-polyesters include polybutylene succi 
nate of the Bionolle 1000 series and polybutylene succinate 
adipate of the Bionolle 3000 series, both available from 
ShoWa HighPolymer Co., Ltd. of Japan. This co-polyester 
can be linear or branched, and branched co-polyesters can 
include short and/or long-chain branching. The co-polyester 
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4 
has high elongation and loW modulus. Preferably, the elon 
gation at break of the co-polyester is from about 300 percent 
to about 1,000 percent. Preferably, the co-polyester is rela 
tively soft, having a tensile modulus from about 40 MPa to 
about 120 MPa, and having a Shore D hardness less than 
about 40. Typically, the loWer the modulus in the co-polyes 
ter, the softer the resultant multilayer ?lm. Preferably, the 
co-polyester has a density from about 1 g/cm3 to about 1.3 
g/cm3. 
The elastomeric layer includes a polyurethane elastomer 

that is melt-extrudable. The term “elastomer” or “elasto 
meric” means a material that is stretchable and recoverable. A 
bi-layer laminate can be formed by co-extruding the elas 
tomer and plastic materials. The bi-layer laminate can then be 
further processed, for example by separating the laminate into 
portions, stretching the laminate portions, and/or stacking the 
laminates or laminate portions to provide a multilayer lami 
nate. The elastomeric layer may provide for con?nement of 
the individual plastic layers, preventing the plastic layers 
from adhering to each other during stretching. When a pre 
cursor multilayer ?lm is subjected to a stretching force, the 
elastomeric layer may also provide a contraction force to the 
multilayer ?lm after the stretching force is released, thus 
imparting elastomeric properties to the ?lm. 
The content of the elastomer in the ?lm may vary from 

about 30 percent by Weight (Wt %) to about 80 Wt %, and 
preferably from about 50 Wt % to about 90 Wt %. Examples of 
breathable polyurethane elastomers include the Estane® 
thermoplastic polyurethanes available from Noveon, Inc. 
(Cleveland, Ohio), such as Estane® 58245. The ?lm from 
Estane® 58245 is tacky and very soft, With a loWer modulus 
than the Eastar Bio® co-polyester. Estane® 58245 is elastic 
and has high elongation, and it is also a highly breathable 
polymer. 

Both the plastic and elastomeric layers may include a ?ller 
material. A particulate ?ller material may enhance Water 
vapor permeability of the ?lm, thereby increasing the 
breathability of the ?lm relative to an un?lled ?lm. It is 
believed that a particulate ?ller material may create discon 
tinuities in the multilayers, thus providing pathWays for Water 
vapor to move through the ?lm. Particulate ?llers may also 
increase the porosity of a ?lm, and this porosity may be 
further increased during stretching of the ?lm due to debond 
ing betWeen the ?ller and the polymer. The porosity and/or 
discontinuities in the ?lm ma) provide an enhanced ability of 
the multilayer ?lm to absorb or immobiliZe ?uid. The use of 
?llers may also alloW for improved processability of the mul 
tilayer ?lm and for reduced production cost. In addition, the 
presence of ?llers may provide for improvements in ?lm 
properties including toughness, softness, opacity, biodegrad 
ability and skin Wellness. In multilayer ?lms containing ?ller 
materials, lubricating and release agents may be used to 
reduce adhesion and friction at ?ller-polymer interface. The 
presence of these agents in ?lled multilayer ?lms may facili 
tate the formation of microvoids and the development of a 
porous structure in the ?lm during stretching of the ?lm. 
Examples of lubricating and release agents include surface 
active materials, referred to as surfactants. 

Filler materials may be organic or inorganic, and are desir 
ably in a form of individual, discrete particles. Inorganic ?ller 
materials include, for example, metal oxides, metal hydrox 
ides, metal carbonates, metal sulfates, various kinds of clay, 
silica, alumina, poWdered metals, glass microspheres, or 
void-containing particles. Speci?c examples of inorganic 
?ller materials include calcium carbonate, barium sulfate, 
sodium carbonate, magnesium carbonate, magnesium sul 
fate, barium carbonate, kaolin, carbon, calcium oxide, mag 
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nesium oxide, aluminum hydroxide, and titanium dioxide. 
Inorganic ?ller materials also include, for example, those 
having higher aspect ratios than particles, such as talc, mica 
and Wollastonite. Organic ?ller materials include, for 
example, latex particles, particles of thermoplastic elas 
tomers, pulp poWders, Wood poWders, cellulose derivatives, 
chitin, chitoZan poWder, poWders of highly crystalline, high 
melting polymers, beads of highly crosslinked polymers, 
organosilicone poWders, and poWders or particles of super 
absorbent polymers, such as polyacrylic acid and the like. 
Combinations of any of these ?ller materials may also be 
used. 

The particulate ?ller material may be present in the multi 
layer ?lm in an amount from about 0.5 Wt % to about 70 Wt % 
of the ?lm. To prevent critical ?aW formation during stretch 
ing, the average ?ller particle siZe is desirably from 1 
micrometer (pm) to 3 pm, With a top cut beloW 10 um. Par 
ticles greater than 10 um may result in tearing of the ?lm or 
individual layers of the ?lm. If the average particle siZe is too 
small, the particles may not debond, and microporous layers 
may not be produced. For example, very ?ne particles of less 
than 0.2 pm may cause agglomeration and increase reinforc 
ing properties. Preferably, the average particle siZe of the 
?ller material does not exceed about 200 pm. More preferably 
the average particle siZe of the ?ller does not exceed about 50 
um. Even more preferably, the average particle siZe does not 
exceed about 5 um; and more preferably still, does not exceed 
about 3 um. 

Examples of commercially available ?ller materials 
include the folloWing: 

1. SUPERMITE®, an ultra?ne ground CaCO3, Which is 
available from Imerys of Atlanta, Ga. This material has a top 
cut particle siZe of about 8 pm and a mean particle siZe of 
about 1 pm and may be coated With a surfactant, such as Dow 
Corning 193 surfactant, before mixing With the polymer. 

2. SUPERCOAT®, a coated ultra?ne ground CaCO3, 
Which is available from Imerys of Atlanta, Ga. This material 
has a top cut particle siZe of about 8 um and a mean particle 
siZe of about 1 um. 

3. OMYACARB® UF, high purity, ultra?ne, Wet ground 
CaCO3, Which is available from OMYA, Inc., of Proctor, Vt. 
This material has a top cut particle siZe of about 4 pm and an 
average particle siZe of about 0.7 pm and provides good 
processability. This ?ller may also be coated With a surfactant 
such as DoW Corning 193 surfactant before mixing With the 
polymer. 

4. OMYA® 2SST, an ultra?ne calcium carbonate surface 
coated With stearic acid, available from OMYA, Inc. and 
Micritic calcium carbonate MD 1517 available from Spe 
cialty Minerals. 

The ?ller may also include superabsorbent particles, such 
as ?nely ground polyacrylic acid or other superabsorbent 
particles. 

Preferably, the co-polyester in the plastic layer is ?lled With 
calcium carbonate ?ller particles. Examples of calcium car 
bonate ?llers include 2SST grade CaCO3 available from 
Omya (Proctor, Vt.). The ?ller loading in the plastic layer may 
be from about 20 Wt % to about 65 Wt %, preferably from 
about 30 Wt % to about 50 Wt %. In the example of calcium 
carbonate, the presence of a ?ller correlates to a decrease in 
elongation, an increase in the modulus, and a decrease in the 
strength of the co-polyester. The co-polyester can also 
become less tacky With the addition of calcium carbonate. 
Preferably, the ?ller particles in the plastic layer have a mean 
particle siZe in the range of 2 pm to 5 um, more preferably in 
the range of 2 pm to 4 pm, and most preferably of about 2 pm. 
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6 
Preferably, the polyurethane elastomer in the elastomeric 

layer contains calcium carbonate ?ller particles. The ?ller 
loading in the elastomeric layer may be from about 20 Wt % 
to about 60 Wt %, preferably from about 45 Wt % to about 55 
Wt %. The effect of ?ller particles, such as calcium carbonate, 
on elastomer properties folloWs the same trends as described 
above for the co-polyester properties. Preferably, the ?ller 
particles in the elastomeric layer have a mean particle siZe in 
the range of 2 pm to 5 pm, more preferably in the range of 2 
pm to 4 um, and most preferably of about 2 pm. 

Both the plastic and elastomeric layers may include a sur 
factant and/ or ?ller Wetting and ?ller dispersing agents. Sur 
factants may increase the hydrophilicity and Wettability of the 
?lm, may enhance the Water vapor permeability of the ?lm, 
and may improve ?ller dispersion in the polymer. For 
example, one or more surfactants may be blended With the 
co-polyester and/or the elastomer. The particulate ?ller mate 
rial may be combined With the surfactant before being mixed 
With the elastomer or the co-polyester. Surfactants or surface 
active materials desirably have a hydrophile-lipophile bal 
ance (HLB) number from about 6 to about 18. When the HLB 
number is too loW, the Wettability may be insuf?cient. When 
the HLB number is too high, the surface active material may 
have insuf?cient adhesion to the polymer matrix of elasto 
meric layer and/ or non-elastomer layer, and may be too easily 
Washed aWay during use. A number of commercially avail 
able surfactants may be found in McMculcheon's Vol. 2; 
Functional Materials, 1995. Speci?c examples of surfactants 
include silicone glycol copolymers, ethylene glycol oligo 
mers, acrylic acid, hydrogen-bonded complexes, carboxy 
lated alcohol, ethoxylates, various ethoxylated alcohols, 
ethoxylated alkyl phenols, ethoxylated fatty esters, stearic 
acid, behenic acid, and the like, and combinations thereof. 
The surfactant may be present in the multilayer ?lm in an 
amount from about 0.5 to about 20 Wt % of the ?lm. Prefer 
ably, the surface active material is present in the multilayer 
?lm in an amount from about 1 Wt % to about 15 Wt % of the 
?lm, more preferably from about 1 Wt % to about 10 Wt %, and 
even more preferably from about 2 Wt % to about 12 Wt %. 
The surfactant may be blended With one or more polymers to 
form a concentrate. The concentrate may be mixed or blended 
With polymers forming the elastomeric layers, the plastic 
layers or both. A ?ller Wetting and ?ller dispersing agent may 
improve ?ller dispersion in a ?lm and improve ?lm process 
ability. Examples of ?ller Wetting and ?ller dispersing agents 
can be found in Plastic Additives, Ed. R. Gachter and H. 
Muller, 4th edition, 1993, Hanser Publishers. 

For a multilayer ?lm containing a ?lled plastic layer and a 
?lled elastomeric layer, the ?lm may also include an un?lled 
elastomeric layer containing a polyurethane elastomer. This 
un?lled elastomeric layer may be combined With a bi-layer 
laminate to form a tri-layer laminate unit. Therefore, a mul 
tilayer ?lm may be a tri-layer laminate containing a plastic 
layer, a ?lled elastomeric layer and an un?lled elastomeric 
layer. In another example, a multilayer ?lm may include a 
?lm having more than one tri -layer unit arranged in a series of 
parallel repeating tri-layer laminate units such that the ?lm 
contains a repetitive sequence of plastic layers, ?lled elasto 
meric layers and un?lled elastomeric layers. The presence of 
an un?lled elastomer may provide improved barrier proper 
ties and elastic properties for the ?lm. The content of un?lled 
elastomer in the ?lm may vary from about 3 Wt % to about 20 
Wt %, and preferably from about 5 Wt % to about 15 Wt %. 
The plastic layers and the elastomeric layers of the multi 

layer ?lm preferably adhere to one another to form a Well 
bonded laminate structure. The term “Well bonded laminate 
structure” means a multilayer ?lm in Which none of the layers 
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are corrugated, and that is bonded suf?ciently at the layer 
interfaces so that no signs of delamination are observed after 
the ?lm is stretched. This provides for ?lms With high integ 
rity and strength, because they do not substantially delami 
nate or form corrugations after multilayer coextrusion. The 
formation of a Well bonded laminate structure may be facili 
tated by using layers With small thicknesses. Based upon the 
thickness of each multilayer, the number of multilayers in the 
?lm is determined by the desired overall ?lm thickness. A 
multilayer ?lm may have a thickness prior to stretching from 
about 1 mil to about 10 mils, Where 1 mil is equal to 0.001 
inch. In one example, a ?lm has a thickness prior to stretching 
of from about 1.5 mils to about 5 mils. In another example, a 
?lm has a thickness prior to stretching of from about 1.5 mils 
to about 3 mils. A multilayer ?lm may have plastic and elas 
tomeric layers totaling about 5 to about 100 in number, and in 
an another example about 16 to about 60 in number. 

Multilayer ?lms may be prepared by a variety of methods. 
The individual layers may be formed, and then combined in a 
laminate structure. A bi-layer or tri-layer laminate unit may 
be formed, and then combined With other units in a laminate 
structure. In one example, multilayer ?lms may be formed by 
a multilayer coextrusion process, Wherein tWo or more poly 
mers are coextruded to form a laminate With tWo or more 

layers. This laminate is then manipulated to multiply the 
number of layers in the ?lm. Thus, the breathable multilayer 
?lms may be made by coextrusion of alternating layers of 
plastic layers containing a co-polyester of terepthalic acid, 
adipic acid and butanediol and elastomeric layers containing 
a polyurethane elastomer. 

FIG. 1 illustrates an example of a coextrusion device 10 for 
forming multilayer ?lms. This device 10 includes a pair of 
opposed single-screW extruders 12 and 14 connected through 
respective metering pumps 16 and 18 to a coextrusion block 
20. A plurality of multiplying elements 22a-g extends in 
series from the coextrusion block 20 perpendicularly to the 
single-screW extruders 12 and 14. Each of the multiplying 
elements 22a-g includes a die element 24 disposed in the melt 
?oW passageWay of the coextrusion device 10. The last mul 
tiplying element 22g is attached to a discharge noZZle 25 
through Which the ?nal product extrudes. While single-screW 
extruders are shoWn, the device 10 may also use tWin-screW 
extruders to form the ?lms. 

A schematic diagram of the coextrusion process carried out 
by the coextrusion device 10 is illustrated in FIG. 2. FIG. 2 
also illustrates the structure of the die element 24 disposed in 
each of the multiplying elements 22a-g. Each die element 24 
divides the melt ?oW passage into tWo passages 26 and 28 
With adjacent blocks 31 and 32 separated by a dividing Wall 
33. Each of the blocks 31 and 32 includes a ramp 34 and an 
expansion platform 36. The ramps 34 of the respective die 
element blocks 31 and 32 slope from opposite sides of the 
melt ?oW passage toWard the center of the melt ?oW passage. 
The expansion platforms 36 extend from the ramps 34 on top 
of one another. 

To make a multilayer ?lm using the coextrusion device 10 
illustrated in FIG. 1, in the ?rst stage, a co-polyester With or 
Without any ?ller material is extruded through the ?rst single 
screW extruder 12 into the coextrusion block 20 to form a 
plastic layer. LikeWise, a polyurethane elastomer With or 
Without any ?ller material is extruded through the second 
single screW extruder 14 into the same coextrusion block 20. 
In the coextrusion block 20, a tWo-layer melt laminate struc 
ture 38 such as that illustrated at stage A in FIG. 2 is formed 
With the co-polyester forming a layer on top of a layer of 
polyurethane elastomer. 
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The extruders may be made of C. W. Bradender extruders 

(S. Hackensack, N.J.). The temperature of the ?rst extruder is 
maintained from about 108° C. to about 190° C. The tempera 
ture of the second extruder is maintained from about 1500 C. 
to about 180° C. The relative thicknesses of the plastic layers 
and the elastomeric layers of the ?lm may be controlled by 
varying the feed ratio of the polymers into the extruders 12 
and 14, thus controlling the constituent volume fraction. In 
addition, one or more extruders may be added to the coextru 
sion device to increase the number of different polymers in 
the multilayer ?lm. For example, a third extruder may be 
optionally used to extrude an un?lled polyurethane elastomer. 
The second stage of the process includes combining the 

co-polyester from the ?rst extruder 12 and the polyurethane 
elastomer from the second extruder 14 through the series of 
multiplying elements 22a-g to form a multilayer laminate 
With the layers alternating betWeen the plastic layers and the 
elastomeric layers. In the coextrusion block 20, a tWo-layer 
melt laminate structure is formed With the co-polyester com 
ponent forming a layer on top of layer of elastomer compo 
nent. For example, the temperature of the combining block 
and multiplier is maintained at about 195° C. 
The third stage of the process includes separating the lami 

nate to form a pair of laminate halves each including a portion 
of the plastic layer and a portion of the elastomeric layer. As 
the tWo -layer melt laminate is extruded through the ?rst mul 
tiplying element 2211, the dividing Wall 33 of the die element 
24 splits the melt laminate 38 into tWo halves 44 and 46 each 
having a layer of co-polyester and a layer of polyurethane 
elastomer. This is illustrated at stage B in FIG. 2. As the melt 
laminate 38 is split, each of the halves 44 and 46 is forced 
along the respective ramps 34 and out of the die element 24 
along the respective expansion platforms 36. This recon?gu 
ration of the melt laminate is illustrated at stage C in FIG. 2. 

The fourth stage of the process includes stretching the 
laminate halves to thin and Widen the laminate halves. In the 
?fth stage, When the melt laminate 38 exits from the die 
element 24, the expansion platform 36 positions the split 
halves 44 and 46 on top of one another to form a four-layer 
melt laminate 50 having, in parallel stacking arrangement, a 
plastic layer, an elastomeric layer, a plastic layer and an 
elastomeric layer. The ?lm die may be made of a Randcastle 
?lm die (Ceder Grove, N.J.). The temperature of the ?lm die 
is maintained from about 165° C. to about 175° C. 
The last stage of the process includes repeating the sepa 

rating, stretching and stacking stages to form a multilayer 
structure having a plurality of alternating plastic and elasto 
meric layers in parallel stacking arrangement. This is 
achieved by extruding the melt laminate through series of 
multiplying elements 22b-g to form a multilayer laminate 
unit With the layers alternating betWeen the co -polyester and 
the polyurethane elastomer. 
The multilayer structure is then alloWed to solidify into a 

multilayer ?lm. For example, When the melt laminate is dis 
charged through the discharge noZZle 25 and enters a chill 
roll, the melt laminates form a ?lm having from about four to 
about 100 multilayers, depending on the number of multiply 
ing elements. Preferably, the multilayer ?lm after solidi?ca 
tion is a Well bonded multilayer ?lm. 

This exemplary coextrusion device and process is 
described in more detail in an article Mueller et al., entitled 
Novel Structures By Microlayer Exlrusion-Talc-Filled PR 
PC/SAN, and HDPE-LLDPE, Polymer Engineering and Sci 
ence, Vol. 37, No. 2, 1997. A similar process is described in 
Us. Pat. No. 3,576,707 and Us. Pat. No. 3,051,453, the 
disclosures of Which are expressly incorporated herein by 
reference. Other processes knoWn in the art to form multi 
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layer ?lm may also be employed, e.g., coextrusion processes 
described in W. J. Schrenk and T. Ashley, Jr., Coexlruded 
MullilayerPolymerFilms andSheeZs, Polymer Blends, Vol. 2, 
Academic Press, NeW York (1978). 

The solidi?ed multilayer ?lm can be stretched in the 
machine direction and/or cross direction to further modify 
properties of the ?lm. For example, after ?lm extrusion and 
solidi?cation, the ?lm can be incrementally stretched over a 
series of 4-6 individually speed-controlled rolls and collected 
under tension. Preferably, a multilayer ?lm is stretched to at 
least 3 times its original length, more preferably at least 4 
times its original length, more preferably at least 5 times its 
original length, and more preferably at least 7 times its origi 
nal length. Films may be stretched immediately after extru 
sion, or the stretching can be delayed. For example, ?lms may 
be stored for 40 hours or longer before stretching to alloW the 
elastomer to set. 

Breathable multilayer ?lms having a plastic layer and an 
elastomeric layer can provide signi?cant improvements in 
properties such as degradability, stretchability and recover 
ability, and/or tactile feel. The breathability of the multilayer 
?lm is quanti?ed in terms of Water vapor transmission rate 
(WVTR), Which is a function of ?lm thickness, multilayer 
composition, and amount of stretch. The WVTR is measured 
according to INDA (Association of the NonWoven Fabrics 
Industry) standardized procedure number IST-70.4-99. The 
INDA procedure measures breathability in units of grams per 
meter squared per 24 hours (g/m2-24 hrs). HerebeloW 
breathability, or WVTR, may be normaliZed to 1 mil ?lm 
thickness, and reported in units of grams-mils per meter 
squared per day (g-mil/m2-day). A multilayer ?lm having a 
plastic layer and an elastomeric layer may have a WVTR from 
about 500 gram mil/day meter2 (g mil/day m2) to about 
25,000 g mil/day m2. Preferably a multilayer ?lm having a 
plastic layer and an elastomeric layer has a WVTR from about 
1,000 g mil/ day In2 to about 20,000 g mil/day m2. 
With respect to degradability, at least one of the plastic 

layer and the elastomeric layer can be biodegradable or 
hydrolytically degradable. For example, the aromatic-ali 
phatic co-polyester of terephthalic acid, adipic acid and 
butanediol of the plastic layer is biodegradable. The polyure 
thane elastomer of the elastomeric layer may also be biode 
gradable. As used herein, the term “biodegradable” refers to a 
polymeric material that, When composted under standard 
conditions for 180 days, at least 60% of the organic carbon in 
the material is converted to carbon dioxide, relative to a 
positive reference material (cellulose:100%). The American 
Society for Testing and Materials (ASTM) Standard Test 
Method for Determining Aerobic Biodegradation of Plastic 
Materials Under Controlled Composting Conditions, desig 
nation D 5338, is used for this determination. Consistent With 
this test procedure, samples are initially incubated for 45 
days; and, if signi?cant biodegradation of the test substance is 
still being observed, the incubation time may be extended to 
90 days or 180 days. The polyurethane elastomer may also be 
hydrolytically degradable, such that the polymer degrades in 
the presence of Water, causing the ?lm to break doWn into 
smaller pieces or to lose strength signi?cantly. The degrad 
ability of the components of a multilayer ?lm can provide for 
easier disposal of the ?lm and of disposable articles contain 
ing the ?lm. 

With respect to stretchability and recoverability, a multi 
layer ?lm having a plastic layer and an elastomeric layer may 
have an increased elasticity. The term “stretchability” or 
“stretchable” means a material that may be stretched to sev 
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10 
eral hundred percent elongation When subject to a stretching 
force. The term “recoverability” or “recoverable” means a 

material that returns to approximately its original dimensions 
after the stretching force is removed. These elastic properties 
of the multilayer ?lm can provide for improved ?t of an 
absorbent article and, in the case of disposable garments, can 
provide for improved gasketing of the product to the body of 
the Wearer. The multilayer ?lms may be extensible to at least 
50% elongation in the machine direction, and may retract to 
about the original length When the extension force is 
removed. Preferably, the multilayer ?lms are extensible to at 
least 100% elongation in the machine direction and retract to 
about the original length When the extension force is 
removed. Recoverability can be measured in terms of per 
centage set, Which is the elongation percentage at Which the 
applied load returns to Zero. A more elastic material Will have 
a very loW percentage set, While a non-elastic material Would 
have a very high percentage set. Multilayer ?lms may have a 
percentage set of less than 100%. Preferably, the multilayer 
?lms have a percentage set of less than 50%. 

With respect to tactile feel properties, a multilayer ?lm 
having a plastic layer and an elastomeric layer may have loW 
modulus. Multilayer ?lms may have moduli in the machine 
direction (MD) from about 1 megaPascals (MPa) to about 150 
MPa. Preferably, multilayer ?lms have MD moduli from 
about 10 MPa to about 120 MPa, and more preferably from 
about 20 MPa to about 100 MPa. Multilayer ?lms may have 
moduli in the cross direction (CD) from about 1 MPa to about 
125 MPa. Preferably, multilayer ?lms have CD moduli from 
about 5 MPa to about 100 MPa, and more preferably from 
about 10 MPa to about 50 MPa. 

In addition to loW moduli, the multilayer ?lms may have 
improved tactile feel properties due to an increase in the 
surface roughness relative to conventional ?lms. It is believed 
that increases in surface roughness and/ or in the heterogene 
ity of surface topography can improve the tactile properties of 
the ?lm. Therefore, the ?lms may demonstrate improved 
softness and hand as a result of a ?nely textured surface. 
Moreover, When the ?lm is stretched, the loW modulus and 
loW hardness of the plastic component may enable particles to 
form a ?nely textured surface on a skin layer of the ?lm, 
improving the tactile properties of the ?lm and its softness. 

Surface roughness may be quanti?ed in a number of Ways, 
and is measured by non-contact White-light interferometry, 
using a surface pro?ler. Surface pro?lers typically use tWo 
technologies to measure a Wide range of surface heights. 
Phase-shifting interferometry (PSI) alloWs for measurement 
of smooth surfaces, While vertical-scanning interferometry 
(V SI) alloWs for measurement of rough surfaces and steps. In 
PSI, light re?ected from a reference mirror is combined With 
light re?ected from a sample to produce interference fringes, 
Where the best-contrast fringe occurs at best focus. In VSI 
mode, a White light beam passes through a microscope objec 
tive to the sample surface. A beam splitter re?ects half of the 
incident beam to the reference surface. The beams re?ected 
from the sample and the reference surface combine at the 
beam splitter to form interference fringes. During the mea 
surement, a reference arm containing the interferometric 
objective moves vertically to scan the surface at varying 
heights. Because White light has a short coherence length, 
interferences fringes are present only over a very shalloW 
depth for each focus position. Fringe contrast at a single 
sample point reaches a peak as the sample is translated 
through focus. The system scans through focus at evenly 
spaced intervals as a video camera captures frames of inter 
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ference data. As the system scans downward an interference 

signal for each point on the surface is recorded. Finally the 
vertical position corresponding to the peak of the interference 
signal is extracted for each point on the surface. The vertical 
positions can then be plotted to visually represent the surface 
measured in three dimensions. 

The mo st universal parameter is average surface roughness 
(Ra), Which is the mean height calculated over the entire 
array. The root mean square surface roughness (Rq) is the root 
mean square average of the measured height deviations taken 
Within the evaluation area and measured from the mean linear 
surface. Rq is compared to Ra to calculate skeWness and 
kurtosis. If a surface has a pro?le that contains no large 
deviations form the mean surface level, the values of Ra and 
Rq Will be similar. If there are appreciable numbers of large 
bumps and holes, the largest values of the pro?le height 
function Will dominate the surface statistics, and Rq Will be 
larger than Ra. The maximum height of the surface pro?le 
(Rt) is the vertical distance betWeen the highest and the loWest 
points on the evaluation area. The maximum average height 
of the surface pro?le (R2) is the average of the greatest peak 
to-valley separations. 

Multilayer ?lms may have Ra values from about 500 
nanometers (nm) to about 1,000 nm. Preferably, multilayer 
?lms have Ra values from about 700 nm to about 3,000 
nanometers, more preferably from about 800 nm to about 
2,000 nm. Multilayer ?lms may have Rq values from about 
1,000 nm to about 3,000 nm, and preferably have Rq values 
from about 1,500 nm to about 2,000 nm. Multilayer ?lms may 
have Rt values from about 10,000 nm to about 30,000 nm, and 
preferably from about 15,000 nm to about 20,000 nm. Mul 
tilayer ?lms may have RZ values from about 10,000 nm to 
about 30,000 nm, and preferably from about 14,000 nm to 
about 20,000 nm. 

Multilayer ?lms can be used for extensible and/or elastic 
outercover, gasketing and other closure applications. One or 
more nonWoven biodegradable Webs may be laminated to the 
?lm With multilayers to improve strength of the ?lm, its tactile 
properties, appearance, or other bene?cial properties of the 
?lm. The nonWoven Webs may be spunbond Webs, meltbloWn 
Webs, bonded carded Webs, airlaid or Wetlaid Webs, or other 
nonWoven Webs knoWn in the art. Lamination may be accom 
plished using thermal or adhesive bonding as knoWn in the 
art. Thermal bonding may be accomplished by, for example, 
point bonding. The adhesive may be applied by, for example, 
melt spraying, printing or meltbloWing. Various types of 
adhesives are available including those produced from amor 
phous polyalphaole?ns and ethylene vinyl acetate-based hot 
melts. Multilayer ?lms may be used as a backsheet in absor 
bent personal care items including diapers, adult inconti 
nence products, feminine care absorbent products, training 
pants, and health care products such as Wound dressing. The 
?lms can also be used to make medical articles such as medi 
cal garments, aprons, underpads, badages, Wipes, surgical 
drapes, surgical goWns and other disposable garments. 

The multilayer ?lms are further illustrated by the folloWing 
examples, Which are not to be construed in any Way as impos 
ing limitations upon the scope thereof. On the contrary, it is to 
be clearly understood that resort may be had to various other 
examples, modi?cations, and equivalents thereof Which, after 
reading the description herein, may suggest themselves to 
those skilled in the art Without departing from the spirit of the 
speci?cation and/or the scope of the appended claims. 
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EXAMPLES 

Example 1 

Formation of Multilayer Films 

Five and 17-layer ?lms consisting of CaCO3 ?lled Eastar 
Bio® and Estane® polymers Were created using a microlayer 
extrusion setup. The Eastar Bio® contained 40 Wt % CaCO3, 
and the Estane® 58245 contained 50 Wt % CaCO3. In each 
polymer, the CaCO3 Was Omya 2SST, having an average 
diameter of 2 um. The setup consisted of C. W. Brabender (S. 
Hackensack, N.J.) extruders, ?exible high-pressure polymer 
hoses, a polymer melt combining block, layer multiplier dies, 
a Randcastle (Cedar Grove, N.J.) ?lm die, and a chill roll. 
The ?rst stage included extruding the plastic layer and 

extruding the elastomeric layer. The temperature of the ?rst 
extruder Was maintained from about 108° C. to about 190° C. 
The temperature of the second extruder Was maintained from 
about 150° C. to about 180° C. The extruded layers Were then 
passed to a spin pump through a tWo-foot ?exible hose and 
subsequent to a combining block through an eight-foot ?ex 
ible hose. The hose temperature Was maintained at about 1 90° 
C. The second stage included combining the plastic layer and 
the elastomer layer in a multilayer combining block to form a 
laminate. The third stage included separating the laminate to 
form a pair of laminate halves Where each half included a 
portion of the plastic layer and a portion of the elastomeric 
layer. The temperature of the combining block and multiplier 
Was maintained at about 195° C. The fourth stage included 
stretching the laminate halves to thin and Widen the laminate 
halves. The ?fth stage included stacking the laminate halves 
to reform another laminate having alternating plastic and 
elastomeric layers in parallel stacking arrangement. The tem 
perature of the ?lm die Was maintained from about 165° C. to 
about 175° C. The last stage included repeating the separat 
ing, stretching and stacking stages to form a multilayer ?lm. 

After ?lm extrusion and collection, the ?lm Was incremen 
tally stretched over a series of 4-6 individually speed-con 
trolled rolls and collected under tension. The ?lms Were 
stretched in the machine direction (MD) for various stretch 
ratios. Stretch ratio is measured by the amount the ?lm that is 
stretched in the machine direction relative to its original 
length. For example, the ?lms Were stretch 4, 5, or 7 times of 
its original length. Some ?lms Were stretched immediately 
after extrusion, While some ?lms Were stored for 40 hours or 
longer before stretching, to alloW the elastomer to set. The 
details of the composition and processing of the multilayer 
?lms are provided in Table 1 beloW. The control (Film #1)Was 
a breathable polyethylene ?lm ?lled With CaCO3 and 
stretched 4 times in the machine direction. The relative 
amounts of the individual layers in the ?lm are listed in 
volume percent (vol %). 

TABLE 1 

Multilayer Films 

Eastar Stretch Initial 
Estane ® Bio ® Stretch Delay Thickness 

Film # (vol %) (vol %) Layers Ratio (hrs) (mil) 

1 CONTROLiPolyethylene 4 
2 50 50 5 5 0 1.0 
3 50 50 5 7 0 1.0 
4 50 50 5 5 40 1.0 
5 50 50 5 7 >40 1.0 
6 50 50 5 5 0 1.5 
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TABLE l-continued 

Multilayer Films 

Eastar Stretch Initial 
Estane ® Bio ® Stretch Delay Thickness 

Film # (vol %) (vol %) Layers Ratio (hrs) (mil) 

7 50 50 5 7 0 1 .5 
8 50 50 5 4 40 1 .5 
9 50 50 5 5 40 1 .5 

10 50 50 5 7 40 1.5 
1 1 60 40 5 5 0 1.5 
12 60 40 5 7 0 1.5 
13 70 30 5 5 0 1.0 
14 70 30 5 7 0 1.0 
15 70 30 5 5 0 1.5 
16 70 30 5 5 >40 1.5 
17 70 30 5 7 >40 1.5 
18 50 50 17 4 0 2.2 
19 50 50 17 5 0 2.2 
20 50 50 17 7 0 2.2 
21 70 30 17 7 0 2.2 
22 50 50 17 
23 50 * 50 * 17 

24 50 50 17 
25 50 * 50 * 17 

*CaCO3 from Imerys, average diameter of 3 pm 

Example 2 

Tensile Testing 

The tensile properties of the multilayer ?lms were mea 
sured using a MTS Sintech tensile tester (SINTECH 1/D) and 
TestWorks 4.05B software, according to ASTM test method 
D 882-97. A conventional 2.5 in-long “dogbone” sample was 
used, with the thin section measuring 18 mm long and 3 mm 
wide. The average thickness of each specimen was entered 
into the software program prior to testing. The samples were 
stretched until failure at a rate of 5 inch per minute. The 
measured tensile properties for the multilayer ?lms of 
Example 1 are provided in Table 2 below. 

TABLE 2 

Tensile Properties of Multilayer Films 

MD CD 

Film # Strain (%) Modulus (MPa) Strain (%) Modulus (MPa) 

1 117 142 321 124 
2 95 80 530 38 
3 63 91 415 30 
4 303 45 372 36 
5 204 35 417 37 
6 77 81 489 45 
7 49 92 532 37 
8 177 48 517 44 
9 192 46 329 37 

10 69 80 369 34 
11 184 40 449 52 
12 124 47 520 32 
13 286 27 381 20 
14 84 43 424 18 
15 97 62 456 24 
16 239 30 514 33 
17 128 39 442 23 
18 283 96 
19 204 100 
20 94 105 
21 269 68 
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The multilayer ?lms all exhibited much lower moduli than 

the control polyethylene ?lm (Film #1). A lower modulus 
correlates with increased softness of the ?lm. In addition, 
many of the multilayer ?lms were much more extensible than 
the control in both the machine direction and the cross direc 
tion, as measured by the percentage strain, which is equiva 
lent to percentage elongation. 

Example 3 

Elasticity Testing 

Multilayer ?lms from Example 1 were subjected to a plu 
rality of stretching operations. Elasticity of the ?lm is useful 
to determine the extensibility tension of the ?lm. The multi 
layer ?lms were stretched to 100 percent elongation, relaxed 
back to Zero percent, then stretched again to 100 percent and 
relaxed. This stretch-relax cycle was repeated ?ve times. 
During the test, the load was measured, and the load at 50 
percent elongation was measured on both the ?rst and second 
cycle. Preferably, a multilayer ?lm has a load below 500 
grams on the second cycle, as this indicates a low extensibility 
tension. In addition, the percentage set was measured. The 
“percentage set” means the elongation at which the load 
returns to Zero. A more elastic material will have a very low 
percentage set, while a non-elastic material wouldhave a very 
high percentage set. The data showed that the higher the level 
of elastic polyurethane, the lower the percent set. The mea 
sured elasticity data are provided in Table 3 below. The des 
ignation of n/a for a value indicates that the ?lm could not be 
stretched to 100 percent. It is noted that, not only could the 
control polyethylene sample (Film #1) not be stretched to 100 
percent, it also exhibited no recovery when stretched to any 
elongation. 

TABLE 3 

Elastici? Properties of Multilayer Films 

MD CD 

Load @ 50% Load @ 50% 
(grams-force) (grams-force) 

Film # 1“ cycle 2"‘1 cycle % Set 1st cycle 2nd cycle % Set 

1 n/a n/a n/a n/a n/a n/a 
2 n/a n/a n/a n/a n/a n/a 
3 2673 n/a n/a 144 8 89% 
4 1401 295 46% 440 78 82% 
5 1685 310 47% 313 27 77% 
6 3145 372 49% 343 17 82% 
7 3811 n/a n/a n/a n/a n/a 
8 2484 445 47% 519 51 77% 
9 2979 443 48% 407 23 76% 

10 3968 n/a n/a 218 6 87% 
11 2223 539 35% 419 97 73% 
12 2453 543 31% 309 57 80% 
13 1535 321 27% 196 59 83% 
14 1274 372 28% 231 72 82% 
15 2979 n/a n/a 225 9 86% 
16 n/a n/a n/a 214 56 83% 
17 3205 545 25% 240 69 82% 

Example 4 

Surface Roughness Measurements 

Control Film #1 (polyethylene; stretched 4 times) and Film 
#14 (70/30 Eastan®/Eastar Bio®; 5-layer ?lm; stretched 7 
times) were analyZed for their surface topographies. These 
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measurements Were obtained by non-contact White-light 
interferometry using a WYKO NT2000 non-contact optical 
surface pro?ler. Ten areas on each ?lm Were analyzed by 
scanning White light interference microscopy (SWLIM) to 
measure and compare surface roughness. Effects of single 
spurious peaks Were averaged out. The measured mean values 
of Ra, Rq. Rt and R2 are given in Table 4 beloW. 

16 
of having thinner individual layers. By alternating biodegrad 
able layers and elastomeric layers, the overall degradation of 
the ?lm is improved When the ?lm is in contact With bilogi 
cally active environment. Moreover, the degradation can be 
enhanced by reducing the thickness of the polyurethane lay 
ers. Therefore, stretching operations may enhance degrad 
ability of the ?lm. 

Example 6 
TABLE 4 

Surface Roughness Measurements 10 Breathablhty Tesnng 

Ra Rq Rt R2 The breathability of the multilayer ?lm is expressed as 
Film # (mean, nm) (mean, nm) (mean, nm) (mean, nm) Water vapor transmission rate (WVTR). The WVTR is a 

1 280 5 387 2 7110 2 5698 4 function of ?lm thickness, multilayer composition, and 
14 1218? 556:4 167845 145595 15 amount of stretch. WVTR values Were measured for some of 

the multilayer ?lms of Example 1, us1ng a Permatran-W 
Model 100K manufactured by Mocon/Modem Controls, Inc 

The Ra of the degradable breathable ?lm Was about four (Minneapolis, Minn.), according to the INDA standard pro 
times higher than that of the breathable polyethylene ?lm. cedure number lST-70.4-99, Which is incorporated herein by 
The Rq of the degradable breathable ?lm Was about four 20 reference. The data are listed in Table 6 beloW, With WVTR 
times higher than that of the breathable polyethylene ?lm. data normaliZed to 1 mil ?lm thickness. 
The R2 of the degradable breathable ?lm Was about tWo times 
higher than that of the breathable polyethylene ?lm. This TABLE 6 
higher micro-roughness of the degradable ?lm surface trans 
lates into a softer feel and improved hand. 25 mm 

Example 5 Film # Thickness (mil) WVTR (g mil/day m2) 

4 0.94 43 65 
Biodegradation Testing 6 0.63 5056 

8 1.09 3369 

The degradation of Film nos. 7, 13 and 18 Were measured 30 13 8'23 3333 
using the composting test, Which is similar to ASTM D5338. 11 1:11 3474 
The compost Was made of 1" by 5" strip offresh paper Waste 13 094 5123 
mixed With saWdust, vegetable scraps and topsoils, and Was 15 0.84 5179 
maintained at around 60° C. and 45% moisture over a six to 16 1-14 3265 
ten Week period. Films Were pulled out Weekly from the 35 8'; i588 
compost and tested for strength and extensability at a strain 24 0:9 4500 
rate of 100 percent per minute. The measurements of the 25 ()9 4000 
decline in mechanical properties for these ?lms are given in 
Table 5 beloW. 

40 Example 7 
TABLE 5 

De radation OfMult?a 6r Films Composition of Tri-Layer Laminate Multilayer —g—v— F1lms 

Film # Time Peak Load Modulus % Strain at break 

0 0 0 45 Multilayer ?lms based on tri-layer laminates Were formed, 

1; 132202: 122302: folloWing the procedure in Example 1, adapted‘ for three 
18 8 Wwks _70_75% _48_98% _83_89% polymer compos1t1ons. Each of the ?lms had a skin layer of 

pure Estane® 58245 With no added ?ller. For Film Nos. 
31-34, one of the layers Was a dry blend of Estane® and 

The ?lms lost approximately 70% to 80% of their total 50 Eastar Bio®. The details of the composition of the ?lms are 
extensibility during the duration of the tests. In the 17-layer given in Table 7 beloW. In this table, the composition of the 
?lm (#1 8), peak load decreased from 1 150 grams-force I0 181 individual layers is given in Weight percent (Wt %), Whereas 
grams-force over a 6-Week period. The 17 layer ?lms the relative amounts of the layers in the overall ?lm are given 
degraded faster compared to 5-layer ?lm, possibly as a result in volume percent (vol %), 

TABLE 7 

Composition of Tri-Layer Containing Films 

Film # A vol % B vol % C vol % Layers 

26 Estane ® 10 Estane ® + 55 Wt % ?ller 4O Eastar Bio ® + 50 9 

40 Wt % ?ller 

27 Estane ® 20 Estane ® + 55 Wt % ?ller 30 Eastar Bio ® + 50 9 

40 Wt % ?ller 

28 Estane ® 30 Estane ® + 55 Wt % ?ller 20 Eastar Bio ® + 50 9 
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TABLE 7-continued 

18 

Composition of Tri-Layer Containing Films 

Film # A vol % B vol % C vol % Layers 

29 Estane ® 25 Eastar Bio ® + 40 Wt % 50 Estane ® 25 3 
?ller 

30 Estane ® 15 Eastar Bio ® + 40 Wt % 70 Estane ® 15 3 
?ller 

31 Estane ® 25 23% Estane ® + 46% 50 Estane ® 25 3 
Eastar Bio ® + 31% ?ller 

32 Estane ® 15 23% Estane ® + 46% 70 Estane ® 15 3 
Eastar Bio ® + 31% ?ller 

33 Estane ® 25 38% Estane ® + 38% 50 Estane ® 25 3 
Eastar Bio ® + 24% ?ller 

34 Estane ® 15 38% Estane ® + 38% 70 Estane ® 15 3 
Eastar Bio ® + 24% ?ller 

Example 8 

Properties of Tri-Layer Laminate Multilayer Films 

The breathabilities of the multilayer ?lms of Example 7 
Were measured using the technique described in Example 6. 
The data are listed in Table 8 below. 

TABLE 8 

Properties ofTri-Layer Containing Films 

Stretched Thickness Mocon 
Film # (mil) (g mil/day m2) 

26 0.8 mil 4000 
27 0.5 mil 4900 
28 0.5 mil 5200 
29 1.0 mil 2500 
30 1.0 mil 2400 
31 1.0 mil 25 00 
32 1.0 mil 2400 
33 1.0 mil 2500 
34 1.0 mil 2500 

There is a Wide range of ?lm compositions that can be 
tailored for certain ?lm properties such as barrier, Without 
sacri?cing breathability. The results for Film Nos. 26-28 
shoW that adding more volume to the pure Estane® skin 
layers increases breathability, and also that the polyurethane 
layers can also be ?lled With CaCO3 Without hurting ?lm 
properties, including monolithic-like layer adhesion. The 
results for Film Nos. 29-34 shoW that Estane® and ?lled 
Eastar Bio® can be dry blended during ?lm casting, have 
added Estane® skin layers, and still provide breathability. 
Having un?lled layers of Estane® in the ?lm composition can 
signi?cantly improve barrier properties of the ?lm and can 
enhance elastic properties of the material. 

While the preferred examples of the multilayer ?lm have 
been described, it should be understood that the multilayer 
?lm is not so limited and modi?cations may be made. The 
scope of the multilayer ?lm is de?ned by the appended 
claims, and all devices that come Within the meaning of the 
claims, either literally or by equivalence, are intended to be 
embraced therein. 

What is claimed is: 
1. A multilayer ?lm, comprising: 
a plurality of plastic layers comprising a co-polyester of 

terepthalic acid, adipic acid and butanediol; and 
a plurality of elastomeric layers comprising a polyurethane 

elastomer having a tensile modulus from about 40 MPa 
to about 120 MPa, 
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Wherein the ?lm has a breathability of about 3,000 g mil/ 
day m2 to about 20,000 g mil/day m2, 

Wherein the plastic layers and the elastomeric layers are 
separate and distinct from each other in an alternating 
arrangement With one another and Wherein the ?lm com 
prises a Well bonded laminate structure, and 

Wherein the ?lm has a surface roughness avenge of about 
500 to about 1,000 nanometers. 

2. The ?lm of claim 1, Wherein at least one of the plastic 
layer and the elastomeric layer further comprises from about 
20 Weight percent to about 65 Weight percent ?ller particles. 

3. The ?lm of claim 2, Wherein the ?ller particles comprise 
calcium carbonate having a mean particle siZe from about 2 
micrometers to about 5 micrometers. 

4. The ?lm of claim 3, Wherein the elastomeric layer is a 
?lled elastomeric layer comprising from about 20 Weight 
percent to about 65 Weight percent ?ller particles; 

the ?lm further comprising an un?lled elastomeric layer 
comprising a polyurethane elastomer, 

Wherein the plastic layer, the ?lled elastomeric layer and 
the un?lled elastomeric layer together form a trilayer 
laminate. 

5. The ?lm of claim 4, further comprising a plurality of 
trilayer laminates. 

6. The ?lm of claim 4, Wherein each of the plastic layers 
alternates With either of the elastomeric layers and the ?lm 
comprises a Well bonded laminate structure. 

7. The ?lm of claim 4, Wherein the ?lled elastomeric layer 
is present in the ?lm at a level of about 30 Weight percent to 
about 80 Weight percent, and the un?lled elastomeric layer is 
present in the ?lm at a level of about 3 Weight percent to about 
20 Weight percent. 

8. The ?lm of claim 1, Wherein the elastomeric layer is 
present in the ?lm at a level of about 30 Weight percent to 
about 80 Weight percent. 

9. The ?lm of claim 1, Wherein at least one of the co 
polyester and the polyurethane elastomer is biodegradable. 

10. The ?lm of claim 9, Wherein the polyurethane elas 
tomer is hydrolytically degradable. 

11. The ?lm of claim 1, Wherein the ?lm has a thickness 
betWeen about 1.5 and about 3.0 mil. 

12. The ?lm of claim 1, Wherein the ?lm has a tensile 
modulus in the machine direction from about 10 MPa to about 
120 MPa. 

13. The ?lm of claim 1, Wherein the ?lm has a percent set 
in the machine direction of less than about 100 percent. 

14. An absorbent disposable article, comprising a body of 
absorbent material, and a multilayer ?lm of claim 1 attached 
to the body of the absorbent material. 
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15. The absorbent disposable article of claim 14, Wherein 
the absorbent disposable article is selected from a diaper, an 
adult incontinence product, a feminine care absorbent prod 
uct, and a training pant. 

16. The ?lm of claim 1, Wherein each of the plastic layer 
and the elastomeric layer further comprises from about 20 
Weight percent to about 65 Weight percent ?ller particles 
having a mean particle siZe from about 2 to about 4 microme 
ters. 

17. The ?lm of claim 1, Wherein the ?lm has a thickness 
betWeen about 0.5 and about 1.2 mil. 

18. The ?lm of claim 1, Wherein the ?lm comprises 
betWeen about 5 to about 100 layers. 

19. The ?lm of claim 1, Wherein the ?lm comprises 
betWeen 5 to 17 layers. 

20. The ?lm of claim 19, Wherein the ?lm has a thickness 
betWeen about 0.5 and about 1.2 mil. 

21. A stretched multilayer ?lm, comprising: 
A plurality of plastic layers and a plurality of elastomeric 

polyurethane layers separate and distinct from each 
other in an alternating arrangement and forming a Well 
bonded laminate structure; 

Wherein each plastic layer comprises a co-polyester of 
terepthalic acid, adipic acid and butanediol; 

Wherein the elastomeric polyurethane has a tensile modu 
lus from about 40 MPa to about 120 MPa; 

Wherein at least one of each of the plastic and elastomeric 
polyurethane layers comprises ?ller particles; 

Wherein none of the layers are corrugated and the ?lm has 
a tensile modulus in the machine direction from about 10 
to about 120 MPa, and 
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Wherein the ?lm has a surface roughness average of about 

500 to about 1,000 nanometers. 
22. The stretched ?lm of claim 21, Wherein the stretched 

?lm comprises betWeen 3 and 17 layers and has a thickness 
betWeen about 0.5 and about 1.2 mil. 

23. The stretched ?lm of claim 21, Wherein the ?ller par 
ticles have a mean particle siZe from about 2 to about 4 
micrometers. 

24. A stretched multilayer ?lm comprising: 
a plurality of trilayer laminates comprising: 
a plastic layer comprising a co-polyester of terepthalic 

acid, adipic acid and butanediol; 
a ?lled elastomeric polyurethane layer comprising from 

about 20 Weight percent to about 65 Weight percent ?ller 
particles; and 

a ?lled elastomeric polyurethane layer not having ?ller 
particles; 

Wherein the stretched multilayer ?lm has a thickness 
betWeen about 0.5 and about 1.2 mil, and Wherein the 
plastic layers and the elastomeric layers are in an alter 
nating arrangement With one another and separate and 
distinct from each other and Wherein the ?lm comprises 
a Well bonded laminate structure, Wherein the ?lm has a 
surface roughness average of about 500 to about 1,000 
nanometers and Wherein the elastomeric polyurethane 
has a tensile modulus from about 40 MPa to about 120 
MPa. 

25. The stretched ?lm of claim 24, Wherein the ?ller par 
ticles have a mean particle siZe from about 2 to about 4 
micrometers. 


